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3 while the uranium in 4 has the expected linear dioxo coordination geometry, with two bidentate nitrates and a bidentate {Pt 2 S 2 } moiety.
Introduction
The chemistry of heterometallic complexes containing widely divergent metal centers is of intense current interest. In particular, complexes supported by sulfide ligands have received much attention because of their relevance to biological systems and industrial catalysis. 1 The synthesis of early-late sulfide-bridged heterometallic compounds has been achieved by the use of suitable metalloligands; 2 a recent example is the synthesis of compounds with {TiM 2 S 2 } cores (M = Rh, Ir) from Cp 2 Ti(SH) 2 . 3 The complex [Pt 2 (PPh 3 ) 4 (-S) 2 ] 1a 4 and closely related derivatives 5 have been shown to be very useful metalloligands for the synthesis of a wide variety of homo-and heterometallic sulfide aggregates. However, attempts to synthesize mixed-metal species of 1a with (chemically hard) early transition metals have not been successful prior to this work, with the exception of some low-valent derivatives of Mo, W, Mn and Re. 6 Some derivatives with hard main group Lewis acids e.g. In(III) and Ga(III) are also known. 7 Our current approach is to use electrospray ionization mass spectrometry (ESMS) to direct chemical syntheses.
ESMS allows the identification of major and minor products in reaction solutions, on a very small scale (thus minimizing wastage) and identifying targets for larger-scale synthesis and full characterization. This combinatorial-type approach allows the screening of a wide range of different metal complexes; thus far we have probed the chemistry of 1a 8 and the related selenide analogue [Pt 2 (PPh 3 ) 4 (-Se) 2 ] 1b 9 with a selection of chemically soft main group and late transition metal species. We have also recently reported the preliminary detection, using ESMS, of the species [Pt 2 respectively.
Results and discussion

Reactivity survey using electrospray mass spectrometry
The reactions of complex 1a with various anionic transition metal oxoanions (and thio-analogues for comparison) were initally probed by positive ion ESMS; results are given in Table 1 . This survey, probing reactivity on a small scale using electrospray mass spectrometry, clearly indicates the power of this approach in identifying suitable and unsuitable substrates for further study on the macroscopic scale, described in the next section.
Syntheses
The observation of the novel vanadium-, molybdenum-and uranium-containing cations provided an impetus to carry out macroscopic syntheses. Complexes 2 -4 are stable towards chlorinated solvents (such as dichloromethane and chloroform), allowing crystallization from these solvents. This is in marked contrast to the parent complex 1a, which is known to react rapidly with chlorinated solvents. 4 Furthermore, a purple dichloromethane solution of 4 retains its purple colour when tri-noctylphosphine oxide (a well-known ligand used in the solvent extraction of uranyl ions) 13 is added. These observations indicate a reasonably strong interaction between the {Pt 2 S 2 } core and the uranyl moiety.
Crystal structure determinations
The molecular structure of 2 ( (2) 
Conclusions
This ESMS-assisted work has afforded useful insight towards the directed synthesis and isolation of heterometallic complexes that involve the {Pt 2 S 2 } core and hard, oxophilic metal centers, in this case vanadium, molybdenum and uranium. In principle, this could be extended to include other hard metal centers, including other actinides. The selectivity for complexation with uranium but not thorium or lanthanum is particularly noteworthy. This underscores the unparalleled utility of the {Pt 2 S 2 } core as a powerful precursor to a wide array of heterometallic complexes, and opens an exciting new window of potential applications for {Pt 2 S 2 } complexes.
Experimental General
General experimental techniques were as described previously. Mass spectra were recorded in the positive ion-mode using a VG Platform II mass spectrometer. MeOH was used as the mobile phase because of the solubility of the ionic species formed in this solvent unless otherwise stated. The spectrometer employed a quadrupole mass filter with an m/z range 0-3000. The compounds were dissolved in the mobile phase to give a solution typically of approximate concentration 0.1 mmolL -1 , and spectra were recorded for freshly prepared solutions. The dilute sample solution was injected into the spectrometer via a Rheodyne injector fitted with a 10 L sample loop. A Thermo Separation Products Spectra System P1000 LC pump delivered the solution to the mass spectrometer source (maintained at 60 C) at a flow rate of 0.02 mLmin -1 , and nitrogen was employed as both drying and nebulising gas. Cone voltages were varied from +20 to +180 V in order to investigate the effect of higher cone voltages on the fragmentation of selected intact gas-phase ions. Theoretical isotope distributions, obtained using the ISOTOPE program, 22 were compared with experimental patterns to confirm ion assignment.
Synthesis of [Pt 2 (PPh 3 ) 4 ( 3 -S) 2 VO(OMe) 2 ][PF 6 ] 2
Solid NH 4 VO 3 (7.6 mg, 0.0650 mmol, excess) was added under argon to Following an analogous procedure for complex 2, Na 2 MoO 4 (7.6 mg, 0.0650 mmol, excess) was added to 1a (80.0 mg, 0.0532 mmol) in MeOH (20 mL), initially giving an orange suspension which turned clear yellow after stirring overnight, and intense red after stirring for an additional 24 h. Workup gave 3 as a red powder (58.9 mg, 68% Phenyl rings have been omitted for clarity. 
